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Abstract 

 
The Single Frequency Network mode (SFN) is one 

of the benefits of DVB-H network. In addition to the 
possibility to use only one frequency in given area, the 
reception of the same contents via two or more radio 
paths provides with SFN gain which enhances the 
quality of service whenever the respective sites are 
located inside the SFN limits. If the same frequency is 
used outside the theoretical SFN area, the sites that 
exceed the relative guard distance converts as 
interfering sources. This paper describes a simulation 
method for the investigation of the SFN gain in non-
interfered network as well as in the environment with 
SFN interferences. Also simulation results and 
analysis with the most logical network parameter set is 
presented.  
 
1. Introduction 
 

The benefit of Single Frequency Network (SFN) 
compared to the Multi Frequency Network (MFN) is 
the possibility to achieve additional signal levels in the 
coverage area of DVB-H. The level of SFN gain 
depends on the number of the useful carriers. 

 The situation changes when the SFN limit is 
exceeded, i.e. if the maximum diameter of some of the 
sites is longer than the maximum guard distance of the 
SFN area. The respective leg of these sites causes 
interference whenever the difference between the 
arriving signals exceeds the SFN guard interval. 

The paper presents a method for obtaining the value 
of SFN gain and SER via simulations, by varying the 
most essential radio parameters. In addition, a set of 
results for selected cases are shown in order to obtain 
an optimal balance between SFN gain and the SER 

 
2. Theory of the SFN limits 

 
According to [1], the combination of GI (Guard 

Interval) and FFT mode gives the maximum delay that 

the DVB-H terminal can handle in order to receive 
correctly the multi-path components of the signals. The 
Table 1 summarises the values and the respective SFN 
distances. 

 

 
 
The FFT size has impact on the maximum velocity 

of the terminal, and the GI affects on both the 
maximum velocity of the terminal as well as on the 
capacity of the radio interface. In these simulations, if 
the velocity and capacity are not considered, the 
following parameter combinations results the same 
C/N and C/(N+I) performance due to their same 
requirement for the safety distances: 

� FFT 8K, GI 1/4: unique case 
� FFT 8K, GI 1/8: same as FFT 4K, GI 1/4 
� FFT 8K, GI 1/16: same as FFT 4K, GI 1/8 and 

FFT 2K, GI 1/4 
� FFT 8K, GI 1/32: same as FFT 4K, GI 1/16 and 

FFT 2K, GI 1/8 
� FFT 4K, GI 1/32: same as FFT 2K, GI 1/16 
� FFT 2K, GI 1/32: unique case 

When the distance between the extreme transmitter 
sites is less than the SFN determines, the difference of 
the delays between the signals from different sites is 
always within the allowed margin. On the other hand, 
if the distance is greater, the sites interferes, depending 
if the relative arriving distance of the respective sites is 
greater than the safety margin shown in Table 1. The 
received signal is still functional if the total C/(N+I) is 
at least in the same level as the original minimum 
required C/N for the respective parameter set. 

Table 1. The guard interval lengths and 
respective SFN distances. 

GI FFT = 2K FFT = 4K FFT = 8K 

 μs km μs km μs km 
1/4 56 16.8 112 33.6 224 67.0 
1/8 28 8.4 56 16.8 112 33.6 
1/16 14 4.2 28 8.4 56 16.8 
1/32 7 2.1 14 4.2 28 8.4 
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The required C/N depends on the values of code 
rate (CR), MPE-FEC rate (multi protocol encapsulator, 
forward error correction) and modulation scheme. The 
minimum C/N requirement for some of the most 
common parameter setting can be seen in Table 2. [1] 

 

 
 
For the carrier and interfering signal, the total level 

of C/(N+I) is the squared sum of the C/N and I/N 
components in absolute powers (watt), thermal noise 
floor and terminal noise factor being the reference. 

 
3. Methodology for SFN simulations 

 
The SFN performance simulator is based on the 

hexagonal cells. The Figure 1 presents the idea of the 
cell distribution.  

 

TX(x,y)

TX(x,2)

TX(1,1) TX(2,1) TX(3,1) TX(x,1)

TX(x-1,2)TX(2,2)TX(1,2)

TX(1,3) TX(2,3) TX(3,3) TX(x,3)

TX(x-1,y)TX(2,y)TX(1,y)

 
Fig. 1. The active transmitter sites are selected 

from the 2-dimensional cell matrix. 
 
A uniform parameter set is used for each cell site 

including the transmitter power level and antenna 
height. This yields the same radius for each cell per 
simulation case. The coordinates of each site depends 
on the uniformly calculated cell radius. 

Investigating the Figures 1-2 and the hexagonal 
model behaviour, the x-coordinates can be obtained in 
the following way depending if the row number for y 
coordinates is odd or even. 
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Fig. 2. The geometrical characteristics of the 

hexagonal model used in the simulator. 
 
The distance between two sites in x-axis is: 
 


 � rrx 866.0230cos2 	���  (1) 
 
The common inter-site distance in y-axis is: 
 


 �

 � 3

2
30tan
30cos rry �
�
�

�  (2) 

 
In odd row case, the formula for the x-coordinates 

of the site m is thus the following: 
 


 � rmrmx odd 732.11)( 	���  (3) 
 
In the formula, m represents the number of the cell 

in x-axis. In the same manner, the formula for x-
coordinates can be created in the following way: 

 


 � 
 � rmrrmx even 732.11732.1
2
1

	����  (4) 

 
For the y-coordinates, the formula is the following: 
 


 � 
 � rnrny
3
21 	���  (5) 

 
The simulations can be carried out for different cell 

layouts. Symmetrical reuse pattern concept was 
selected for the simulations presented in this paper. 
The most meaningful reuse pattern size K can be 
obtained with the following Formula [5]: 

 
kllkK ��� 2)(  (6) 

 
The variables k and l are positive integers with 

minimum value of 0. In the simulations, the reuse 
pattern sizes of 1, 3, 4, 7, 9, 12, 16, 19 and 21 was 
used for the carrier and interference distribution in 
both non-interfering and interfering networks (i.e. SER 
either exists or not depending on the size of the SFN 

Table 2. The  minimum C/N (including antenna 
loss) for the selected parameter settings. 

Parameters C/N (dB) 

QPSK, CR 1/2, MPE-FEC 1/2 8.5 
QPSK, CR 1/2, MPE-FEC  2/3 11.5 

16-QAM, CR 1/2, MPE-FEC 1/2 14.5 
16-QAM, CR 1/2, MPE-FEC 2/3 17.5 
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area). In this way, the lower values of K provides with 
the non-interfering SFN network until a limit that 
depends on the GI and FFT size parameters. 

The single cell (K=1) is considered as a reference in 
all of the cases. The fixed parameter set was the 
following: 

� Transmitter power: 60 dBm 
� Transmitter antenna height: 60 m 
� Receiver antenna height: 1.5 m 
� Long-term fading with normal distribution and 

standard deviation of 5.5 dB 
� Area coverage probability in the cell edge: 70% 
� Receiver noise figure: 5 dB 
� Bandwidth: 8 MHz 
� Frequency: 700 MHz 

For the used bandwidth, the combined noise floor 
and noise figure yields -100.2 dBm as a reference for 
calculating the level of C and I. The path loss was 
calculated with Okumura-Hata prediction model for 
small and medium sized city. The 70 % area coverage 
probability corresponds with 10% outage probability in 
the single cell area. These settings result a reference 
C/N of 8.5 dB for QPSK and 14.5 dB for 16-QAM. 
The value is the minimum acceptable C/N, or in case 
of interferences, C/(N+I) value that is needed for the 
successful reception of the signal. 

The Figure 3 presents the symmetrical reuse pattern 
sizes that were selected for the simulations. The grey 
hexagonal cells means that the coordinates has been 
taken into account calculating the order number of the 
sites (formulas 3-5), but the respective transmitter has 
been switched off in order to form the correct reuse 
pattern. The Figure 4 shows an example of the network 
setup and locations for the QPSK and K=7. 

 

 
 

 
Fig. 3. The reuse patterns, K=1, 3, 4, 7, 9, 12, 

16, 19 and 21. 
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Fig. 4. An example of the QPSK network, K=7. 

 
The Figure 5 shows an example of the C/N 

distribution with the parameter values of K=7, GI=1/4, 
and FFT=8K. According to the C/I link analysis, the 
case presented in Figure 5 is free of SFN interferences. 

 

 
Fig. 5. An example of the simulated case with 

QPSK and K=7. 
 
The actual simulation results for C/N, or in case of 

the interferences, for C(/N+I), is done in such way that 
only the terminal locations inside the calculated cell 
areas is taken into account. If the MS is found outside 
of the network area (the circles) in some simulation 
round, the result is simply rejected. 

The Figure 6 shows the principle of the filtered 
simulation. As the terminal is always inside the 
coverage area of at least one cell, it gives the most 
accurate estimation of the SFN gain with different 
parameter values. Furthermore, the method provides a 
reliable means to locate the MS inside the network area 
according to the uniform distribution. 
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Fig. 6. The results in filtered area. This 

principle is used in the simulations. 
 
The network was dimensioned in such way that the 

area location probability is 70% in the cell edge. The 
dimensioning can be made by taking into account the 
characteristics of long-term fading. The Figure 7 
shows a snap-shot type example in filtered area with 
the C/N values resulting less than 8.5 dB, i.e. the limit 
for the respective parameter settings of QPSK cases. 

 

 
Fig. 7. An example of the distribution of the 
simulation results that yields C/N < 8.5 dB. 
 
As a verification of the geographical interference 

class, a study that can be called a “C/I-link analysis” 
was carried out. It is a method to revise all the 
combinations (hash) of the distances between each pair 
of sites (TX1-TX2, TX1-TX3, TX2-TX1, TX2-TX3 
etc.) marking the link useful (C) if the guard distance 
between the respective sites is less than the maximum 
allowed SFN diameter (DSFN). If the link is longer, it is 
marked as a potential source of interference (I). 

The interference link proportion can be obtained for 
each case by calculating the potential interference links 
over the total links. It gives a rough idea about the 
“severity” of the exceeding of the SFN limit, with a 
value range of 0-100% (from non-interfering network 
up to interfered network where all the transmitters are 
a potential source of interference). 

 
4. Results 

 
The Tables 3 and 4 summarises the C/I link analysis 

for the different reuse pattern sizes and for FFT and GI 
with the selected radio parameter values. 

 

 
 

 
 
The C/I link analysis shows that in case of large 

network (21 cells in the SFN area), the only reasonable 
parameter set for the QPSK modulation seems to be 
FFT=8K and GI=1/4. This is due to the fact that QPSK 
provides with the largest cell sizes (with the 
investigated parameter set the r=7.5 km). The cell size 
of the investigated 16-QAM case is smaller (r=5.0 km) 

Table 4. The C/I link analysis for 16-QAM. 
 Reuse pattern size (K) 

FFT,GI 3 4 7 9 12 16 19 21 

8K, 1/4 0 0 0 0 0 0 0 0 

4K, 1/4 0 0 0 0 0 0.8 1.8 5.7 

2K, 1/4 0 0 14.3 30.6 42.4 49.1 57.9 61.9 

8K, 1/8 0 0 0 0 0 0.8 1.8 5.7 

4K, 1/8 0 0 14.3 30.6 42.4 49.1 57.9 61.9 

2K, 1/8 100 100 100 100 100 100 100 100 

8K, 1/16 0 0 14.3 30.6 42.4 49.1 57.9 61.9 

4K, 1/16 100 100 100 100 100 100 100 100 

2K, 1/16 100 100 100 100 100 100 100 100 

8K, 1/32 100 100 100 100 100 100 100 100 

4K, 1/32 100 100 100 100 100 100 100 100 

2K, 1/32 100 100 100 100 100 100 100 100 

Table 3. The C/I link analysis for QPSK cases. 
 Reuse pattern size (K) 

FFT,GI 3 4 7 9 12 16 19 21 

8K, 1/4 0 0 0 0 0 0 0 0.5 

4K, 1/4 0 0 0 11.1 24.2 36.7 42.1 47.1 

2K, 1/4 0 16.7 42.9 55.6 65.2 72.5 75.4 78.1 

8K, 1/8 0 0 0 11.1 24.2 36.7 42.1 47.1 

4K, 1/8 0 16.7 42.9 55.6 65.2 72.5 75.4 78.1 

2K, 1/8 100 100 100 100 100 100 100 100 

8K, 1/16 0 16.7 42.9 55.6 65.2 72.5 75.4 78.1 

4K, 1/16 100 100 100 100 100 100 100 100 

2K, 1/16 100 100 100 100 100 100 100 100 

8K, 1/32 100 100 100 100 100 100 100 100 

4K, 1/32 100 100 100 100 100 100 100 100 

2K, 1/32 100 100 100 100 100 100 100 100 
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which provides the use of the parameter set of (FFT = 
8K, GI = 1/4), (FFT = 4K, GI = 1/4) and (FFT = 8K, 
GI = 1/8). The interference distance rinterference=13.5 km 
is the same in all the cases as the interference affects 
until it reaches the reference level (the sum of noise 
floor and terminal noise figure). 

The C/I link investigation gives thus a rough idea 
about the most feasible parameter settings. In order to 
obtain the information about the complete performance 
of DVB-H, the combination of the SFN gain and SER 
level should be investigated. 

The Figures 8 and 9 shows examples of two 
extreme cases of the simulations, i.e. PDF of non-
interfered and completely interfered situation. As for 
all of the simulation cases, a total of 60,000 simulation 
rounds were performed. The figures shows the PDF, 
i.e. occurred amount of samples per C/N and C/I in 
scale of 0-50 dB, with 0.1 dB resolution. 

 
PDF, C/N, QPSK, K=7, FFT=8K, GI=1/4
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Fig. 8. An example of the C/N distribution in 

non-interfered SFN network. 
 

PDF, C/(N+I), 16-QAM, K=7, FFT=2K, GI=1/32
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Fig. 9. An example of C/N and I/N in interfered 

case. 
 

The PDF gives a visual indication about the general 
quality of the network. Nevertheless, in order to obtain 
the exact values of the performance indicators, a 
cumulative presentation is needed. The following 
Figure 10 shows an example of the CDF in the non-
interfering QPSK network with the reuse pattern size 
as a variable. 

 
CDF, C/N, QPSK, K=1...21, FFT=8k, GI=1/4
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Fig. 10. The CDF of C/N in non-interfered 
network for reuse pattern sizes of 1-21. 

 
The Figure 11 shows an amplified view to the 

breaking point, i.e. the 10% outage probability criteria. 
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Fig. 11. An amplified view of the example of 

the simulation results for QPSK network 
 
As can be seen form the Figure 11, the single cell 

(K=1) results a minimum of 8.5 dB for the 10 % 
outage probability, i.e. for the area location probability 
of 90% in the whole cell area which corresponds to the 
70% area location probability in the cell edge. The cell 
is thus correctly dimensioned for the simulations. 
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In order to find the respective SFN gain level, the 
comparison with single cell and other reuse pattern 
sizes was made in the 10% outage point. The Figures 
12-13 shows the simulation results for the reuse pattern 
sizes 1-21. 
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Fig. 12. The SFN gain levels for QPSK cases, 

with the reuse pattern sizes of 1-21. 
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Fig. 13. The SFN gain levels for 16-QAM cases, 

with the reuse pattern sizes of 1-21. 
 
The simulation results show the level of SFN gain. 

The reference case (FFT 8K and GI ¼) results the 
maximum gain for the reuse pattern sizes of K=1-21 
for both QPSK and 16-QAM and provides a non-
interfering network. In addition, the parameter set of 
(FFT = 4K, GI = 1/4) and (FFT = 8K, GI = 1/8) results 
a network where SFN errors can be compensated with 
the SFN gain. 

According to the results shown in Figure 12, the 
QPSK case could provide SFN gain of 3-4 dB in non-
interfering network. It is interesting to note that in the 
interfering cases, also the parameter set of (GI = ¼, 
FFT = 4K corresponding FFT = 8K, GI = 1/8) results 

positive SFN gain even with the interference present 
for all the reuse pattern cases up to 21. Also the 
parameter set of (GI = ¼, FFT = 2K, corresponding 
FFT = 8K, GI = 1/16 and FFT = 4K, GI = 1/8) 
provides an adequate quality level until reuse pattern 
of 16 although the error level (SER) increases. 

According to the Figure 13, the 16-QAM gives 
equal SFN gain, resulting about 3-4 dB in non-
interfering network. For the (FFT = 4K, GI = ¼) and 
the corresponding parameter set of (FFT = 8K, GI = 
1/8), the SFN gain is higher than the SER even with 
higher reuse pattern sizes compared to QPSK, because 
the 16-QAM cell size is smaller. 

As can be seen from the Figures 12-13 and from the 
C/I link analysis of Tables 3-4, the rest of the cases are 
useless with the selected parameter set. 

 
5. Conclusions 

 
The simulation method presented in this paper can 

be used in the in-depth optimisation of the DVB-H. 
The results show the SFN gain in non-interfered as 
well as in the over-sized and interfered SFN network. 

Especially in the interfered SFN network, the 
correct selection of the radio parameters is essential. 
The results show that the interference level can be 
compensated with the SFN gain, and sufficiently good 
quality of service (e.g. the level that would be achieved 
by using only one site without SFN gain) can thus be 
obtained by selecting correctly the radio parameters. 
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